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(54) Full-type rolling bearing and roller cam follower for engine 



(57) A fun4ype rolling bearing that can be used un- 
der the conditions of high-speed, heavy-load and low- 
ered viscosity of lubricating oil is provided. The f ult-type 
rolling bearing is tomried of an outer ring (4). an Inner 
ring (2) and rollers (3) made of steel, at least one of the 
outer ring, inner ring and rollers has a carbonitrided layer 
in its surface layer, and the austenite crystal grain size 
number of the surface layer is larger than 10. 



FIG.l 




Printed by Jouve. 75001 PARIS (FR) 



IS 



so 



25 



30 



as 



40 



45 



SO 



55 



EP 1411 142 A1 

Description 

BACKGROUND OF THE INVENTION 
Reid of the Invention 



[0001) The present Invention relates to full-type rolling bearings and roller cam followers for engines that have no 
cage, such as bearings for rocker arms, cam followers and roller follower bearings. 

10 Description of the Background An 

10002J Of recent rolling bearings, full-type roller bearings without cage like bearings lor rocker aims to be used for 
high-speed heavy-load applteatlons are Increasing In number in the full-type roller bearing without cage, it inevitably 
occurs that rollere interfere with each other. Therefore, ai high speeds, the rollers are not properly controlled In terms 
of their positions so that skew is likely to occur. Resultant heat generation due to sliding as well as a tocai Increase in 
surface pressure are likely to cause surface damages (peeling, smearing, surface-initiated peeling) and inside-initiated 
peeling, while the full-type roller bearing should have a high load capacity according to calculation 
[0003] More specifically. In such full-type roller bearings as roller follower, cam follower and rocker arm the Interfer- 
ence between rollere and poor supply of lubricant Into the bearings could cause peelings Initiated from the surfaces of 
rollers and raceways. Moreover, influences of an assembly error and a biasing loadcould cause skew of rollers, resulting 
I?..f i?!: r K j'**!'^ '^'^ inslde-inltiated peelings doe to a local increase in surface pressure. The 

as STrolli b?ari?g"^ ^ "^"""^ ^ <»escribed above and may sometime^ be abbreviated 

[0004J For a roller cam follower of an engine that has an outer ring with its cireumference being in rolling contact 
t^r«T' ""P«>^«'"ents of the roller cam follower have been for the purpose of Improving the circumference 
hlri^rilir^- r K TT^'®- ''°^P^«S'"«" "sW^al stress mduced by such a process as shot peening and increased 
hardness Induced by high-concentration carbonitriding (process-Induced effects) have been used for prolonging the 
r™f • Improving the circumference of the outer ring that is in rolling contact with the cam 

Jonf?-„2?I!"^r "^^^^ ^^"^ prolonging the rolling life of a roller shaft serving as an inner ring, 

ro Mere and the entire beanng have been relatively few. some Improvements have still been made in terms of materi^ 
r.«r.^*IniH?^ heat resistance and microstructure stability as weO as Increased hardness that are obtained through 
r«„nirJ^f K^'.r.f f ^ "earing. There have been known techniques regarding pre- 

longlngof the lifetime of the roller cam fottower for the engine: h a 

^'fJt.^'i! "^^'^'^ °' ®" ^"9'"^ ""^^ mechanism, a cateulated life of the bearing, at a rated engine 

rpm, of 1 000 hours or longer is achieved (Japanese Patent Laying-Open No. 2000-38907) 
(d2) In order to achieve a bearing shaft of a cam follower with the properties of: a cariside ratio = 10-25 %• ratio of 
decomposed austenite content to initial retained austenlte content = 1/10 - 3/10; end hardness = HV 830 - 960- 
and average wavelength of surface roughness - 25 jxm or less, a bearing steel is cartionltrided and hard shot 
peened (Japanese Patent Laylng-Open No. 10-47334). 

(d3) A solid lijbricani film of high polymer for example is lomied on a cam follower shaft for improving wear resist- 
ance of the shaft (Japanese Patent Laying-Open No. 10-1 03339). 

(d4) A cam follower shaft is made, of a tool steel for example and 'is lon-nitrided or ion-plated at a temperature 
ower than a tempering temperature so as to have a high hardness (Japanese Patent Laying-Open No. 1 0-11 0720) 
(d5) A cam fo lower bearing for an engine valve mechanism that has Its shaft for which a bending stress Is 150 
MPa or less (Japanese Patent Laying-Open No. 2000-38006). 

(d6) A cam follower for an engine valve mechanism that has a phosphate film which is excellent in lubricating-oil 
SS-3T212) ^ °" ^ ^"''^''^ " ^"Voent (Japanese Patent Laying-Open No. 

(dT) A tollower for an engine valve mechanism that has a crowning in a region of a shaft where reHers roll 
(Japanese Utlilty-I^odel Laying-Open No. 63-185917). 

(d8) A cartjurized shaft has a rolling surfade layer which is high-concentration carburlzed or carbonitrided with a 
2002°1 9^11)""^"°" ^ ■ ^ ^"'^ ^^''^"^^^ °* (Japanese Patent Laylng-Oppn No. 

r 1. problem regarding the rocker arm as described below In such a case that both ends of a 

r.iier shaf. are cau.ked to be fixed to a roller supporting member, although a roiling surface ol the roller shaft should 
• ,« r ^.'9^ f'^;''^"^^^' ^"'^s »^«reol should be soft enough lo be caulked. Further, after the shaft ends are caulked 
to be fixed, the strength (hardness) should be high for preventing toosening in use. The ioltowing document dis- 



2 



OOCIO: <EP 



EP1 411 142 A1 



10 



15 



20 



25 



30 



3S 



40 



SO 



35 



dosss caulking of both ends of a roller shafi of a roller rocKer. 

(d9) The outer surface of a roller shaft is unlfomily high-frequency. Induction-hardened and then tempered, and 
S oU^^Ni 5-1^350) ^'^ high-fBquency annealed and accordingly softened (Japanese Patent 

J0006J llisassumedthat. the full-type rollerbearlngs like the rocker amr,. roller follower and cam follower will, similar 
to nomial caged tiearings, increase in speed and load in use, and the viscosity of a lubricating oil therefor will decrease 

be°aKrit"uar^^^ "T' ''V"''T '^^'"^^ ^"^'^ use^aV, a'^ZlrrsZ d 

be taken as usually done, for the rolling fatigue life dependent on the load and (a2) any measure shoukJ further be 
taken for the surface damage life due to metal contact caused by sliding and loss pf an oil film. Howler tSere hS 
been no echn.que tor remarkably extending both of the rolling fatigue life dependent on the load and he surf a^ 
damage life due to the metal contact. Moreover. In addition to these two measures forprolon^g the life (a3) any 
measure should be taken for the issue of shortening of the life due to the interference of rollera w^tS each other m Z 
as the skew thereof that are peculiar to the full-type roller bearings. 

above-described known techniques improv^ the rolling life by increasing the hardness and the compres- 
sion reskJua stress, or .mprove the rolling surface where'^a bearing component is in rolling contact with a ^unTerSt 
a^Xr I f ^« techniques. It is found that they are effective for Extending the iSeTsSS 

T^TZT'^ " ^""^f ^ ^ ""fl- ^l^"* impn^vements L hot nece^ari^ 

effective by themselves for extending the life of the inner ring and rollers of the full roller bearing. 

SUMMARY OF THE INVENTION 

[0008] An object of the present invention is. in consideration of the Increased speed and load in use andthe decreased 

thSexStJ 1 To '° '""T ' '""•'^^ "^""^ ^ « roller cam"o":rof an"^^^^^^^^ 

that exhibit a long life under severe lubrication. sHding and load conditions 

that are made of steel, at least one of the outer ring. Inner ring and rollers has a carbonltrided layer )n its surface laver 
and the austenlte crystal grain size number of the surface layer is greater than 10 ^ 

canj)e i«ed to extend the surface damage (surface-initiated exfoliation like peeling and srnearing) life as weB Tthe 
.nside-inttiated peeling life^ Specifteally, processing of such a material as bearlng^steel or heatTaJ^^nt pite^^^^ , 

Z^aJ^ h«, « r«nr«rt«bly enhance the resistance to occurrence and development of cracks 

foS2?^ nrflft-nT" " '"^"^ '° "'"'"'9 occurrence of surface cracks Sue to tangenUa 

SiS;. ^^""'^ '^^'^ ^'""'""3 inside-initiated peelings, the life can remark^ly be 

lilLr^nt'*''^'^*"''?^'' '"'^fer processed and heat-treated and a compression residual stress 

heau^at^,«n. m/"K layer to increase the hardness, so that the life can further be extended. The procesSng^ 
iSnn ^?^tlr^ ^"^ w"^ °' ° '^O'^'''^^''^" ««= CD Shot peening. {b2) barrel finishing. (b3) rolling. (b4) va^ 
sTrdarirnrr^^^^^^^^^ -^-^ — • an.?bl, c^om^riin^ an^ 

in«uah .or* ^"^'1""* ""^^'^^ ^^""^ ^ ° 'f'^t ^"stenife crystal grains are fine • 

ZteS c^lio : H I''" ' ' determined according to a method of tesUng the 

temperature range, austenlte grain boundaries remain in the quenched stmcture and accordingly the content ofT 

t^or Iher rh,n?h!!V? '"''«"'"9«"«"<"tersmaybeca,bonitndeda1 a cart,onitriding temperature equal 

SLratIf and heated- -^^^ temperature, cooled to a temperature lower than the A1 Iransfom^atlon tem- 

rooT4l l?l rli? f temperature lower than the carbonltriding temperature and thereby quenched. 

[00141 Such a microstructure ,s once cooled to a temperature lower than the carbonltriding temperature and then 

in ter^Tof the ordJr o^thfo^^ '° ^ T '""'^ carbonltriding temperature is sometimes called 

rnn!« t process. secondary quenching or final quenching. 

nh«V. '"^y ^ '^'"P^rature range at which carbide and/or nitride and an austenite 
phase coexist in the carbonlirided surface layer ol the steel ou&ieniie 

Side aISjo?rn?j in T^'h """" <'«*o'"triding temperature, and thus the amount of un-dlssolved 
«!tJ h!.i^fh nitnde n the surface layer, which Is influenced by the carbonltriding process, increases as compared 
with that in the carbon.tnd.ng process. Then, when the quenching temperature is in the tempo ature range wherXse 
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components coexist, the ratio of un-dissolved carbide/nitride increases while the ratio ot austenite decreases at the 
quenching temperature as compared with those ratios In the carbonitrlding process. In addition, it is seen from the 
Fe-C binary phase diagram that. In the range where caibide (cementite) and austenite coexist, the concentration of 
carbon dissolved In austenite decreases as the quenching temperature decreases. As the steel for the bearing has 
low contents of other alloy elements like Si and Mn, the temperature region and the generated layer can be discussed 
with sufficient precision with reference to.the Fe-C binary phase diagram. In addition, nitrogen, like carbon, is an In- 
terstitial elernent dissolved in iron and produces nitride with iron similar to cementite In a predetermined temperature 
region, and the nitrogen can be regarded approximately as the same as carbon. 

10017] When the temperature Is increased to the quenching temperature, austenite grains are made fine since there 
remain a large amount of un-dissolved carbide and/or nitride that prevent growth of austenite grains. IVIoreover the 
structure transformed from austenite to martenslte through quenching has a somewhat low carboh concentration when 
the above-described heat treatment is applied, so that the structure has somewhat high toughness as compared with 
the stnicture quenched from the carbonitrlding temperature. In other words, the quenched stmcture has (c1) a greater 
amouiu of un-dissolved carbide/nitride as compared with the structure produced through the conventtonal process 
and (c2) a lower carbon concentration than the conventional one. 

[00181 The above-discussed quenching temperature may be 790-C - 830'C. This temperature is applicable to most 
of steel matenals to facilitate management of the sintering temperature. 

f^Ifl ®' °' "^"3' '"^y cold-worked before being caibonltrlded. 

[0020] The cold-woifcing can be applied to increase the nucleation density of austenite grains in the heat treatment 
and thereby produce a fine-grain structure. 

10021 J The austenite nrtay have the grain size number of at least 11 . With the defined austenite grain size, austenite 
grains that are extremely and unthinkably Hne austenite grains contribute to achievement of stably long rolling fatigue 
add?e"ssed damage life. Moreover, the issue of the decreased viscosity of the lubricating oil can satisfactory be 

[00221 In at least one of the outer ring, inner ring and rolleiB. a compression residual stress of at least 500 IViPa mav 
be generated. ' 

[0023J As discussed above, the microstructure can further be processed and heat-treated and acompression residual 
stress can be termed in the surface layer so as to further extend the life. 

[0024J A roller cam follower of an engine according to the present invention Includes an outer ring being in roiling 
contact with a cam shaft of the engine, a roller shaft located inside the outer ring and fixed to a cam follower body, and 
bearing elements placed between the outer ring and the roller shaft. At least one of the outer ring, roller shaft and 
beanng elements has a carbonltrided layer, and austenite crystal grains in at least a surface layer are made fine to 
have a gram size number greater than 10. 

^ austenite grains in the component are made fine enough to have the grain size number greater than 1 0 
and accordingly the rolling fatigue life can considerably be improved. With the austenite grain size number of 10 or 
less, any remarkable improvement of the rolling fatigue life is impossible and thus the grain size number Is greater 
than 10. and preferably 11 or greater. Although further fiheh austenite grains are desirable, the grain size number 
exceeding 13 is usually difficult to achieve, it is noted here that, the above^nentioned bearing elements located between 
the outer nng and the roller shaft refer to bearings including rollere or rolling elements, however, the bearing elements 
may be. In a nan-cw sense, rollers or r^omng elements. naBemeniB 
[0026) The austenite grain size number may be determined by the usual method defined by JIS. or determined 
according to the intercept method for example with the average grain size corresponding to the above grainsiz'e number 
A smaller austenite grain size is desirable and an austenfte grain size number of 11 or greater is further desirable 
Alternatively the average grain size may^be 6 |im or less. The austenite grain size number may be achieved In the 
carbonimded layer. In general, however, the condttion of the fineness of austenite Is satisfied In the body of steel located 
inside the carbonltrided layer. 

[00271 Here, the austenite grains refer to crystal grains of austenite which is phase-transformed during the heating 
rnn^f ^' ^"'^ '^^"^^ °^ ^""^'"^ austenite Is transformed into martensite through cooling 

[0028] For another roller cam follower o» an engine according to the present invention, at least one of an outer ring 
a roller shaft and bearing elements has a carbonilrided layer and has a fracture stress of at least 2650 MPa 
[0029] The inventors of the present invention have found that, the heat treatment method (low-temperature secondaiy 
quenching method) herein described later can be used to increase the fracture stress of a steel having a carbonltrided 
layer to 2650 MPa or more whfch has not been achieved by any conventional method. In this way, a high-strength 
roHing beanng can be obtained lo achieve exceHenl durability under a load condition ol the roller cam follower 
[0030] For still another roller cam follower of an engine according to the present invention, at least one of an outer 
r"nT^/, ^^^'^ ^"'^ 'seating elements has a carbonltrided layer and has a hydrogen conteni of at most 0.5 ppm 
IU031 J The above-described heat treatment (low-temperature secondary quenching) can be used to lower the hy- 
drogen conteni in any of components before being assembled into a cam follower. Then, it is possible to shorten the 
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time required for hydrogen entering the steel to increase and attain a critical point at which cracks occur. For this 
reason, together with any reasons which have not been clarified, the durability can be enhanced. 
[0032] A lower hydrogen content is desirable. However, reduction of the hydrogen content to the one less than 0.3 
ppm requires long-term heat treatment, resulting in increase in size of austenite grains and thus deterioration in tough- 
ness. Then, a hydrogen content is desirably in a range from 0.3 to 0.5 ppm and nnore desirably in a range from 0.35 
to 0.45 ppm. 

[0033] In measuring the above hydrogen content, diffusible hydrogen is not measured and only the non-diffusible 
hydrogen released from the steel at a predetennined temperature or higher is measured. Diffusible hydrogen in a 
sample of small size is released from the sample to be scattered even at room temperature, and therefore the diffusible 
hydrogen is not measured. Non-diffusible hydrogen is trapped in any defect in the steel and only released from the 
sample at a predetermined heating temperature or higher. Even if only the oon-diflusible hydrogen is measured, the 
hydrogen content considerably varies depending on the method of measurement. The above mentioned range of 
hydrogen content is detenmined by thermal conductimetry. in addition, as detailed later, the measurement may be taken 
by means of a LEGO OH-103 hydrogen determinator or like measuring device. 

(c 1 ) The cam follower body may be pivotably attached to a rotational shaft located between one and the other end 
of Itself, an open/close valve of the engine may abut on the one end, the other end may have a bifurcated roller 
supporting portion, and the roiler shaft may be fixed to the bifurcated roller supporting portion. 
(c2) The cam follower body may be mounted between one end and the other end of itself, having the roller shaft 
fixed in a roller hole extending between two sidewalls, an end of an open/close valve of the engine may abut on 
one end, and a pivot may abut on the other end. 

(c3)The cam follower body may be pivotably attached to a rotational shaft located between one end and the other 
end of itself, one end of an open/close valve of the engine may abut on one end. the other end may abut on one 
end of an Interiocking rod transmitting a stress from the cam shaft, the cam follower body is mounted on the other 

end of the interiocking rod, the one end and the other end of the interiocking rod being located respectively on the 
rocker arm and the cam, and the roller shaft may be attached to the cam follower body and abuts on the cam. 

[0034] The cam follower bodies of (c1 ). (c2) and (c3) are common in that they transmit a driving force from the cam 
to the engine valve while they are different in structure to be applicable to different engine types. 
[0035] Regarding the roller cam follower of the engine discussed above, the bearing elements may be full-type needle 
bearing. The roller shaft may have Its end with a lower hardness than that of Its central portion. The central portion of 
the roller shaft thus has a hardness necessary for serving as a rolling contact surface while the end is made soft. 
Accordingly, with durability like the rolling fatigue Ijfe ensured, caulking for example can be done. All of the rolling 
bearings described above may have an end of a roller shaft which is caulked. 
[0036] Further, the cam follower body may be pressrfomned to Improve production efficiency. 
[0037] The foregoing and other ob|ects, features, aspects and advantages of the present invention will become more 
apparent from the following detailed description of the present Invention when taken in conjunction with the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0038] 

Fig. 1 shows a rocker anm bearing which' is a full-type roller bearing according to an embodiment of the present 
invention. 

Fig. 2 is a cross -sectional view along line 11-11 in Fig. 1 . 

Fig. 3 shows a roller cam follower of an engine according to a modification of the embodiment of the present 
invention. 

. Fig. 4 shows a roller cam follower of an engine according to another embodiment of the present invention. 
Fig. 5 is an enlarged view of a portk>n including a full roller bearing which is in contact with a cam of the roller cam 
follower of an engine shown in Fig. 4. 

Fig. 6 shows a heat treatment method according to the embodiment of the present invention. 
Fig. 7 shows a heat treatment method according to a modification of the embodiment. 

Figs. 8A and 8B show a microslructure. particularly prior austenite grains, of a bearing component, Fig. 8 A showing 

a bearing component of the present invention and Fig. 88 showing a conventional bearing component. 

Figs. 9A and 96 diagrammatk;ally show austenite grain boundaries corresponding respectively to Figs. 8A and BB. 

Fig. 10 schematically shows a rolling fatigue life tester for a rolling outer ring. 

Fig. 11 shows a test piece for testing the static crack strength. 
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Fig. 12 shows a hardness distribution when two ends of a roller shaft are softened by high-frequency heating. 
Fig. 13 shows a test piece for testing static-pressure fracture-strength (measuring fracture stress). 
Fig. 14A is a front view of a rolling fatigue life tester and Fig. 146 is a side view thereof. 
Rg. 15 shows a test piece for testing static fracture toughness. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0039] Embodinnents of the present invention are hereinafter described in connection with the drawings. Fig. 1 is a 
schematic front view showing a structure of a roller cam follower of an engine accoftiing to an embodiment of the 
present Invention. Fig. 2 is a cross-sectional view along line ll-ll in Fig. 1. Referring to Figs. 1 and 2. a roclcer arm 1 
which Is a pivot member is pivotably supported, at a central part, on a rocl<er ami shaft 5 via a bearing metal for example. 
[0040] An adjust screw 7 Is screwed Into one end lb of this rocker ami 1. Adjust screw 7 is fixed by a lock nut 8 
having Its lower end abutting on the upper end of an Intake valve or discharge valve of an internal-combustion engine 
Vatve 9 is biased by elasticity of a spring 10. 

[0041] Rocker arm 1 has the other end 1 a provided with a body of the cam folk)wer <cam follower body) 50, and cam 
follower body 50 has a bifurcated roller supporting portion 14 which is fonned integrally with the body. In bifurcated 
roller supporting portion 14, both ends of roller shaft 2 which corresponds to an Inner ring is press-fit or fixed by means 
of a snap ring. On a central part of the outer surface of roller shaft 2. an outer ring 4 is supported rotatably via rollers 
3. Rollers 3 are placed between roller shaft 2 and outer ring 4 to serve as bearing elements. In other words, bearing 
elements located between roller shaft 2 and outer ring 4 are rollers. The axial direction of rollers 3 Is in parallel with 
the axial dIrecUon of the roller shaft. The outer surtace of outer ring 4 is brought into contact with the surface of cam 
6 by the biasing force of spring 1 0. It is noted that tenns "one" and "the other- herein used have no specified meaning, 
merely used in the order of reference in this description. 

[00421 Cam follower body 50 is one specific example of full-type rolling bearings. Specifically, a rolling bearing in- 
cluding an inner ring fonned of roller shaft 2. rolling elements fomied of rollers 3 and outer ring 4 Is employed as a full 
roller bearing for a rocker arm. In general, a bearing without cage is called full roller bearing. The above-mentioned 
full roller bearing for the rocker ami rotates while contacting cam 6 so that pressing force and Impact force of cam 6 
are exerted on outer ring 4. The roller cam follower of an engine In this embodiment Is thus a member which Includes 
the full roller bearing for the rocker anm and the cam follower body. 

[0043J As the rocker ami bearing rotates while contacting cam 6, the pressing force and impact force of cam 6 are' 
exerted on outer ring 4. possibly resulting in indentations and cracks due to repeated bending stress. In particular, with 
the Increased engine output, the engine rpm accordingly increases so that those forces become greater resulting in a 
higher risk of occurrence of cracks and indentations and thus shortening of the rolling life and surface damage life 
[0044] Indentations due to exertion of a great force on the bearing are likely to be formed on the Inner ring since the 
surface pressure between the inner ring and the rolling elements (rollers) is usually higher than the surface pressure 
behveen the outer ring and the rolling elements (rollers). For the cam follower, however, the bending stress Is exerted 
on the outer ring while the high surface-pressure load is also exerted on the outer ring, and thus Indentations are likely 
to be formed between the outer ring and the rolling elements. The inventors of the present Invention have found that 
the surtace damage fife and the rolling life can be prolonged by forming a cartjonitrlded layer in a surface layer of at 
least one of the above-discussed components, with the austenlte grain size number of the surface layer being greater 
than 10 for example or at least 11 in a predetennined case. In addition, the inventors have found that the extent to 
which the life is prolonged is Increased by adding a compression res'idual stress to the surface' layer 
[0045] .Fig. 3 shows a roller cam follower of an engine according to another embodiment of the present invention. A 
cam foltowerbody 50 of this cam follower has a roller shaft 2 fixed in a roller hole (not shown) which is made between 
one end lb and the other end 1a of a rocker awn 1 and extends between two sidewalls, and the one end abuts on an 
end of an open-close valve 9 of the engine while the other end abuts on a pivot (not shown). Cam follower body 50 
having pivot hole 16 is biased about the pivot and in a predetemnined direction by a spring 10, and receives a driving 
force transmitted from a cam 6 by an outer ring 4 and thereby moves valve g against the biasing force of the spring. 
[0046J Fig. 4 shows a roller cam follower of an engine according to still another embodiment of the present invention. 
Fig. 5 IS an enlarged view of a portion including a rocker arm rolling bearing shown in Fig. 4. Referring to Fig. 4. a 
rotational shaft 5 is placed at a central part of a rocker arm 1 and rocker arm 1 pivots about the shaft. One end 1 b'of 
rocker awn 1 abuts on an end of an engine valve 9 while the other end 1 a of the ami abuts on an end of an intertocking 
rod 16. An adjust screw 8 has a function of adjusting the posltibn at which the other end la of the rocker arm abuts on 
interlocking rod 16. 

[0047] A cam follower body 50 is provided to a hollow bearing anachmenl 1 6a located on the lower end of intertocking 
rod 16, and a full roller bearing for the rocker anm is attached by an attachment member 1 7. A cam 6 abutting on an 
outer ring 4 transmits a driving force to the intertocking rod. 

[0048J Of the components of the full roller bearing of the roller cam follower for the engine, at least one of rollers 3, 
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gilt' ^ " 'ow-temperature secondary quenching so as ,o make austenite 

[0049J A carbonMrided layer in which austenite crystal grains are made fine Is preferably produced by a method for 
example described below, however, any method except forthis may be used. Fig 6 exemolLlv shows a L«Hri«f^I^^ 

hfs'LTIt/ " ^T^'"^'"'' « ^"9- B"stenite. carbWe aSd/oV nitride coe JSTa temper^tu^rS 

th.s coexistence .-egion where austenite. carbide and/or nitride am present, austenite grains are fine andTeToncen" 

^cr :SsS:;i;rghr ^^^^^^ - - 

[0050] Compared with ordinary or normal quenching by which carbonltriding is done and immediatehr thereafter 
quenching .s done once the above-discussed heat treatment can Improve the ^etc Bt^n^^ Z^^^^g^r^Te 
surface damage i.fe and the rolling fatigue life while carbonltriding the surface layer IVIoreover the l^ue oMhe 2! 
creased viscosity of the lubricating oil can be addressed. This heat ' eatment can also prorceT^Sroltm^^^^^^^^^^ 

cnmnol^'^T ^T^:! I "^"^ ^'"^"^^ conventional one by orhaJ^rrSoT A be^^^^^^^ 

component undergoing this heat treatment hasalongrolllngfatiguelifeandalongsurface damaged 

rr4i^;rjnr?ng^^^^^"«~"^-^^^ 

L°Sra!ino''com^nTM .f^'" ^ '"'="«'~'^"re of a bearing component, particularly austenite grains. Fig. 8A shows 
componL N^^^^ 8A rn'^n '"T'?" « """P**"^"' «>' « conventional bearl^ 

F^e f!™„Th^ t °* « "taring steel having been heat-treated as shown In 

hlattreZ^'^^i 

» Se^iJS/^5?A"'^ 9B d,agrammatfcally show the grain sizes of austenite that are shown in Figs. 8A and 8B 

35 Examples 
Example 1 
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R ?i , of respective materials shown in Table 1 were prepared. These bearings were lull-type needle bear- 

mm rShf V '"'T^ ^" ""9'"^- ^ 'n"«rrtng (roller Shaft) was 14.64 mr(orryame?errx 17 3 

bearinos wZ^^^^ h '"h iT ^ ^ ^ '"'^ ^« '>«^rings were ful|!^pe 

b-«S!rhfK -^^^^ ^^"^"^ ^ "^^"^ ^^^'"9 kN and a basic static load rating of 12 9 kN Here 
mrrilL - H "^^'^ ^^^"^ ^ combination of the same materials, while some were each a combination of differed 
matenau, and some were produced by being additionally processed. Table 1 shows a list of the prepared bearing 
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[0053] Samples shown in Table 1 are as follows. 

No.1 : A bearing steel was subjected to heavy cold working in advance, heat-treated with crystal grains thereafter 
being made fine, and then carbonltrided. 

No, 2: A bearing steel was carbonltrided and then secondary-quenched at a temperature lower than the carbon!- 
triding temperature. 

No. 3; A cari^ urizing steel was caitourlzed, carbonltrided and then secondary-quenched at a lower temperature. In 
other v\rords, the low-temperature quenching was performed after the carburizing process. 

[0054] The crystal grain size of austenite of samples Nos. 1-3 was at least No. 11. These materials were used as 
base samples. The following samples were prepared by additionally processing the base samples for producing a 
compression residual stress In the surface layer 

No. 4: The inner and outer rings of sample No. 1 were shot-peened and rollers were barrel-finished. 
No. 5: The Inner and outer rings of sample No. 2 were shot-peened and rollers were barrel-finished. 
No. 6: The inner and outer rings of sample No. 3 were shot-peened and rollers were ban-el-finished. 

[0055] Samples with their surface hardness increased are as follows. 

No. 7: The Inner and outer rings of sample No. 1 were additionally sub-zero treated (-igs^C). 

No. 8: The Inner and outer rings of sample No. 1 were additionally sub-zero treated (- 1 gs^C) and then shot-peened. 

and rollers were barrel-finished. 

[0056] For the following samples, the above-described methods were applied to the inner and outer rings and rollers 
each, especially the Inner ring and rollers for which the rolling life was significant. 

No. 9: The inner ring and rollers were carbonltrided and then secondary-quenched at a temperature lower than 
the carbonltriding temperature, and the outer ring was subjected to a normal heat treatment. 
No. 10: For inner and outer rings, a carburizing steel was caiburlzed, cari>onltrided. cooled, and then secondary- 
quenched at a lower temperature, and, for rollers, a bearing steel was carbonltrided. 

[0057] As comparative examples, five samples No. 11-15 were prepared as shown in the lower p art of Table 1 . 

No. t1 : Inner and outer rings and rollers were made of a bearing steel which was normally heat-treated (normal 
sample). 

No. 12: Inner and outer rings and rollers were made of a bearing steel which was cart>onltrid*ed. 

No. 13: Inner and outer rings were made of a carburizing steel which was carburlzed and rollers were made of a 

bearing steel which was normally heat-treated. 

No. 14: This sample was made of a carburizing steel which was secondary-quenched. 

No. 16: Inner and outer rings of sample No. 11 were shot-peened and rollers thereof were ban-el-finlshed. 

[0058] For these samples, crystal grain size, hardness and hardness after 500'C-tempering (index of heat resistance) 
.were measured, resultant measurements being shown In Table 1. 
[0059] Tests for evaluating rolling life and surface damage strength are detailed below. 

Evaluation of rolling life: 

[0060] An outer ring (18.64 mm (inner diameter) x 24 mm (outer diameter) x 6,9 mm (width)), 26 rollers (2 mm 
(outer diameter) x 6.8 mm (length)) and a roller shaft (14.64 mm (outer diameter) x 17.3 mm (length)) were assembled 
and then subjected to a rolling fatigue lest under a load of 2.58 kN. A test machine is shown In Fig. 1 0 and test conditions 
are shown in Table 2. This test was done for rotation of the outer ring. Referring to Fig. 10, a plurality of needle-shaped 
rollers 53 (3) were placed rollably between a roller shaft 52 (2) and an outer ring 54 (4) that were incorporated in a 
tester. This outer ring 54 was rotated at a predetermined speed under a radial load exerted thereon by members 55 
and 56 to conduct a life lest. Here, the test was done under the load which was 30% of the basic road rating of B.6 kN. 
Results of the test are shown in Table 3. 
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Table 2 



Rolling Life Test Conditions for Bearing 


tester 


life tester for outer ring rotation 


test piece 


rocker arm bearing assembly 


load (N) 


2680N {0.3C) 


outer ring rpm 


7000 rpm ■ 


lubricant 


engine oil 1 0W-30 


oil temperature 


lOCC 


life 


peeling life 
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[0061] Regarding the samples with the test results shown in Table 3 the Deelina mainiw r^^.... ^ 

or the Inner ring while the peeling was also occurred partially on Se outer rinfof sa^^^^ ° V t k^' 

Peeling test: 
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Table 5 



Peeling Test Conditions 


tester 


ring to ring type tester 


test piece ■ 


<j) 40 straight, surface roughness (Rt)* 0.2 \im 


counterpart test piece 


♦ 40 X R60, surface roughness (Rt) 3.0 jim (made of SUJ2) 


contact surface pressure 


Pmax 2.3 GPa 


lubricating oil 


turbine oil VQ46 


rotational speed of counterpart test piece 


2000 rpm (test piece rolls following rotation of counterpart test piece) 


total load count 


4.8 X 10* times 



[0O63J Test pieces (mirror-finished) having a diameter of 40 mm of respective 1 3 test samples were brought into 
roiling contact with a rough-surfaced counterpart test piece under constant conditions, and the ratio of an area where 
peonngs (a coHection of fine peelings) were observed on the (min-or-finished) test piece of a sample to the entire area 
was measured after a certain time. The reciprocal of the determined ratio of the area Is herein defined as peeling 
strength, and the peeling strength of comparative example No. 1 which is the normal sample is indicated by 1 as a 
reference. 

[OOMJ. Test resuKs are shown in Table 4. Any of the test pieces of the present invention has a peeling strength which 
IS a least 1.5 times as high as that of comparative examples. It Is observed that fine austenite grains with the grain 
size number greater than 10 enhance the toughness and thereby increase resistances against oocun-ence and sub- 
sequent growth of craclts. Moreover, samples (No. 4-8) with a compression residual stress provided through the sub- 
zero treatment and any processing are Improved in temis of strength. This Is because the high hardness and the 
compression residual stress effectively contribute to prevention of occurrence and growth of peeling cracks. 

Srhearing test: 

[0065J The same test pieces as those for the peeling test were used (see Table 4) to examine smearing strength. 
Test conditions are shown in Table 6. A test piece to be tested and a counterpart test piece were each made of a 
connblnatlon of the same materials. 



Table 6 



Smearing Test Conditions 


tester 


ring to ring type tester 


test piece 


40 X R60 surface roughness (Rt) S.O^m 


counterpart test piece 


40 X R60 surface roughness (Rt) S.Qmjti 


contact surface pressure 


Pmax 2.1 GPa 


lubricating oil 


turbine oil VG46 


rotational speed of counterpart test piece 


200 rpm, acceleration of 100 rpm per 30 sec 


rotational speed of test piece 


200 rpm 



[0066] Results are shown in Table 4. Here, the smearing strength was evaluated on the basis of the rotational speed 
of the counteipart test piece when smearing occurred, and the results are shown as a ratio with respect to the result 
of the normal sample (comparative example No. 11 ) which was used as a reference. With regard to smearing it is also 
observed that the smearing strength (rotational speed beiore the smearing occurs) of the examples of the present 
invention Is at least 1 3 times as high as that of the nonnal sample of the comparative example and is somewhat higher 
than the smeanng strength of other comparative examples. The balance established between the fineness of the crystal 
grains with the grain size number of at least No. 11 . an appropriate amount ol retained austenite and the presence of 
fine carbide prevents plastic flow ol the surface layer and accordingly Improves Ihe anti-seizure property. Samples that 
were additionally processed exhibit a slight improvement in strength compared with samples without being additionally 
processed. 
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Static crack strength test: 

[0067] For test samples shown in Table 4» crack strength was measured by Innposing a load by an Amsler's testing 
machine on only an outer ring (1 6.64 mrn (inner diameter) x 24 mm (outer diameter) x 6.9 mm (width)) in the shape 
as shown in Fig. 1 1 . Results are shown in Table 4. Origins of craclcs were on the inner surface of the ring (rolling contact 
surface). Table 4 shows that the carbon it riding usually deteriorates the static crack strength as seen from comparative 
example No. 12. In contrast, the static strength of examples Noe. 1 -3 of the present Invention is equal to or somewhat 
higher than that of the nonnal sample undergoing the nonrnal heat treatment and the examples of the present invention 
do not show deterioration In statte crack strength. Examples Nos. 4-6 of the present invention that are additionally 
processed as compared with examples Nos. 1-3 are all enhanced In crack strength. Example No. 7 of the present 
invention undergoing sub-zero treatment is slightly lower in static crack strength than example No. 1 without being 
sub-zero treated, and is slightly higher in static crack strength than example No. 8 which is additionally processed as 
compared with example No. 7, 

[0068] It Is considered that a reason for the deterioration of the strength of comparative example No. 12 is an in- 
creased crystal grain size of austenite and an increased amount of retained austenite resulting from a long-term heating 
in the diffusion process of the carbonitriding so that a structure having a low tensile strength is locally formed. Com- 
parative example No. 13 also deteriorates in strength for the same reason. 

Crack fatigue strength test: 

[0069] Crack fatigue strength was determined by repeatedly imposing a load under conditions shown in Table 7 on 
an outer ring of the test samples shown in Fig. 4. Specifically, a load In the range frorn 98 N (lower limit) to 3000-5000 
N (upper limit) was repeatedly exerted on the outer ring and the number of repetitions before cracks occurred was 
used for evaluation of the strength. Here, an S-N curve was plotted with the load condition changed, and the strength 
was evaluated based on a load which could be exerted 10^ times before cracks occurred. 



Table 7 . 



Ring Crack Fatigue Test Conditions 


tester 


hydraulic servo type vibrator 


test piece 


<t> 18.64 X <>24 X L6.9 


load (N) 


chEmging In the range of 3000-5000 


load frequency (Hz) 


20-50 (changing depending on load) 


evaluation 


strength at 10^ times on S/N curve 



[0070] Results are shown in Table 4. The results of the crack fatigue strength test are represented as a ratio of the 
strength to the strength of the nomial heat-treated sample of the comparative example. It is seen that all examples of 
the present invention are remarkably Improved in crack fatigue strength as compared with comparative examples. 
Regarding the crack fatigue strength, example No. 3 of the present invention having the carbuhzing steel as the base 
component and example-No* 6 of the present Invention with the carburizing steel as the base component to which the 
compression residual stress is added are superior In strength. 

Softening of the ends of the roller shaft: 

[0071] The two end surfaces of the roller shaft are high-frequency annealed by bringing only one end of the roller 
shaft material, whteh has already been appropriately processed, close to an opening at the end of a high-frequency 
coil or maintaining the one end in a slightly inserted state in the opening, heating the end for a considerably short period 
of time by high-frequency induction current and then cooling in the air. Alternatively, after the high-frequency healing 
and the above-mentioned short-term cooling, rapid cooling may be done by pouring water onto the surface or putting 
the material into water. A resultant hardness distribution is shown in Fig. 12 and Table 8. 
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region A 


region B 


region C 


region 0 


side Z 


750 


700 


250 


230 


sIdeX 


700 


250 


230 



f0072] As shown In Fig. 1 2 and Table 8, the central part represented by region A where the rolling elements pass 
and Its ends represented by regions B have appropriately high hardness. On the other hand, regions C and D on the 
ess^ for fte TaSr^ ''"""''"9 P™°««» appropriately lower hardness (softness) nec- 

[0073J It can accordingly be confinned from the abpve results that the durability Is improved of the rolling bearing for 
X«tT.hTi 1 T ''^"^ ^ ^^^^ "'^ •'"^ *° '"^^'^ ^"'^'"9 conditions, skew of rollers and Interference of 

f?l 1«S H K ? °' "^"^^""y ^ a'^hieved by processing the material Into the one having 

LIh^S^IhI ^^^^^ res^tance and thereby simultaneously improving the surface damage (such 8urface4nltf 

Is^Il crSn T TT"* TV^ ^P'*^ « carbonltrlded stnicture which has at least a certal? 

^tel grain size of auslenlte. which provides remarkably Increased resistance against occurrence and growth of 
cracks. In this way occurrence of surface cracks can be prevented that Is caused by heat generation Irom the surface 

Lndtl««fn„ K ? ^"'^ '° «he life. These heatTSatmen" 

and process,ng .nc ude sho peenlng. barrel finishing, rolling, varnishing, caiburizing & carbonitriding, carbonltridlnr& 
^ i-^eatment. carbonitriding. secondary quenching & sub-zero treatment, for example. """"o^g * 

bearing bott. of the outer surface on the end of the roller shaft as well as the outer region of the end surface are 
T *=«""""9 P-^^^*- °" the ends of tSe rollershaJ 

Shaft having properties added by the above heat treatment and processing, heating and cooling conditions In the hlqh- 
f requency anneanng are adjusted for only the two ends of the roller shaft In order to adjust tSe haziness of tJe end 

f rlToI™2:.Sf„'^"'''^'^ "l"^" '^^'''^ """^ ^"^"»y achieved. In other wor^ dlfferem 

ltr„5h f ««*onllnding. the above-discussed heat treatment and processing do not deteriorate he crack 

™? T 11^ ^ high-strength and long-life full rolling bearing can be produced. Moreover, the high-frequ^ 

trr^ratwrertr^^^^^^^^^ 

'"^^ ^ ^'^"^ °' ^ ""'^^^ ^ employed for opening/dosing of an Intake valve or exhaust valve 

.HIh ^ k f ^"^"'"J*' ^ '""■•^^ ''^^''"S ''^^fl « ™"9'"g 5 mm to 12 mmi the durability o^ 
the bearing can be increased while caulking thereof can be done. auraonny or 

Example 2 



« [0076J JIS-SUJ2 (1 .0 wt% of c - 0.25 .vrt% of Si - 0.4 wt% of Mn - 1.5 wt% of Ci) was used for Example 2 of the 
present .nvention. Samples shown in Table 9 were each pmduced through the proc«lu,e described beir 
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secondary 
quenching 
temperature CC) 


hydrogen amount 
(ppm) 


crystal grain size 
(JIS) 


Charpy impact 
value (J/cra^) 


fracture stress 
(MPa) 


relative rolling 
fatigue life (Lio) 



Samples A-D: examples of the present invention 

[0077] Carbonilfidlng was performed at BSO^-C held lor 150 minutes In an atmosphere of a mixture of RX gas and 
ammonia gas. Following the heat treatment pattern shown in Fig. 6, primao' quenching was done from a carbonltriding 
temperature of 850»C, and secondary quenching was subsequently done by heating to a temperature in a temperature 
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Samples E and F: comparative examples 
• Conventional carbonitrided sample: comparative example 
Nomial quenched sample: comparaWve example 

I. Test methods for Example 2 

(1) Measurement of hydrogen amoum 

T^^^ precision: ±0.1 ppm or ±3 -^H (higher one) 
r0085J Analysis sensltMty: 0.01 ppm 
[0086J Detection method: thermal conductlmetry 

mm tZ^J^T' = '° ■ 35 9 (max: 12 mm (diameter) x 100 mm (length)) 
luutsBj Furnace temperature range: 50»C- 11 00»C • » 
fSSf ni anhydron MglOO^)^. Ascarlte and NaOH 

[0090] Canier gas: nitrogen gas 
[0091] Dosing gas: hydrogen gas 

rsalnpitSrrtJhThirm"^^^^^^^^^^^ "^^f - ' --P'-asSaKeS t^^iedteated sampler and 

by the nttrogen caX oarto a tSeZ! .^nL , ! d«te""lner. Diffusible hydrogen therein was directed 

eLmple.ThrtreTampLLtJSnT f^^ ^^^'^9^" not measured in thls 

was directed by thrnrogt c^rST^^^ 
bythethermal^oo^^dSr^^^^^^ 

(2) Measurement of crystal grain size 

ITel d^fn^dTjIsS'^" ^"""""^ '° '''^ '"^•''^^ '-""9 <^'VS'a' Srain si^e o. aus.enlte in 

(3) Charpy impact tesi 
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(4) Measurement of fracture stress 

[0096] Fig. 1 3 shows a test piece for a static-pressure fracture-strength test (for measuring fracture stress). A load 
was exerted in direction P in Rg. 13 and the load when the test piece was fractured was measured. Then, the measured 
load which was a fracture load was converted Into a stress by the following stress calculation formula for a curved 
beam. It is noted that the test piece to be used is not limited to the one shown in Fig. 13 and may be any test piece 
having a different shape. 

[0097] Suppose that a fiber stress on the convex surface of the test piece shown In Fig. 13 is o, and a fiber stress 
on the concave surface is og. then, o, and og are determined by the following fomiula (JSME Mechanical Engineer's 
Handbook. M-strength of materials, A4-40). Here. N Indicates an axial force of a cross section includirig the axis of 
the annular test piece. A indicates a cross-sectional area, indicates an outer radius, eg indicates an Inner radius, 
and K Is a section modulus of the curbed beam. 



= (N/A) + {M/(Ap J) [1 + e, / {K (p, + e, )}) 



02 = (N/A) + {M/(Ap^)} [1 - eg / {k (p^ - e^))] 



K = M1/A)iA{-n/(p^+il)}dA 

(5) Rolling fatigue test 

•[0098] Test conditions for a rolling fatigue life test are shown in Table 10. Rgs. 14A and 14B schematically show a 
rolling fatigue life tester, Fig. 14A being a cross -sectional view and Fig. 14B being a side view thereof. Referring to 
Figs. 14A and 14B. a test piece 31 undergoing the rolling fatigue life test was driven by a driving roll 21 to rotate while 
being in contact with balls 23. Balls 23 were (3/4)' balls guided by guiding balls to roll. Balls 23 exerted a high surface 
pressure on test piece 31 while test piece 31 also exerted a high surface pressure on balls 23. 

II. Results of tests for Example 2 



(1) Amount of hydrogen 



[0099] The conventional cartsonitrided sample without being additionally processed has a considerably targe hydro- 
gen amount of 0,72 ppm. A reason therefor is considered that ammonia (NHg) contained in the atmosphere In the 
cartjonitrtding process is decomposed and then hydrogen enters the steel. On the other hand, the hydrogen amount 
of samples B-D is reduced to 0.37 - 0.40 ppm and thus almost a halt of that of the conventional sample. This amount 
of hydrogen is substantially equal to that of the normal quenched sample. 

[0100] The above-mentioned reduction of the hydrogen amount can lessen ttie degree of embrittlement of the steel 
that is due to hydrogen in the solid solution. In other words, by the reduction of the hydrogen amount the Charpy 
impact value of samples B-D of the present Invention is remarkably Improved. 



(2) Crystal grain size 



[0101] Regarding the crystal grain size, samples that are secondary quenched at a temperature lower than the 
quenching temperature in the carbonltriding process (primary quenching), namely samples B-D have austenite grains 
which are remari<ably made fine, i.e., crystal grain size number is 11-12. Samples E and F as well as the conventional 
carbonltnded sample and the nonnal quenched sample have austenite grains with the crystal grain size number of 10 
which means that the crystal grain size of samples E and F is greater than that of samples B-0 of the present invention,' 

(3) Charpy impact test 



10102) Table 9 shows that the Charpy impact value of the conventional cari^onltrided sample is 5.33 J/cm^ while that 
of samples B-D of the present invention is higher, ranging from 6.30 to 6.65 J/cm2. It is also seen from this that a lower 
secondary quenching temperature leads to a higher Charpy Impact value. The nomial quenched sample has a high 
Charpy impact value of 6.70 J/cm2 
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(4) Measurement of fracture stress 



[0103J The fracture stress corresponds to aritterack strength. It Is seen from Table 9 that the fracture stress of the 
^ °" stress of samples B-D Is Improved to 

2650-2840 MPa. TTie normal quenched sample has a fracture stress of 2770 MPa which is in the range of the fracture 
stress of samples B-F. It is considered that the reduction In hydrogen content greatly contributes to the improved anti- 
crack strength of samples B-D as welt as the reduction in size of austenite crystal grains. 

(5) RoHing fatigue test 

[.?^"!L ^""""B'^Jable 9. the normal quenched sample has the shortest rolling laligue life (L10) due to the absence 
Of cart»nitrKled layer in the surface layer. In contrast, the rolling fatigue life ol the conventional carbonitrided sample 
s 3.1 times as long as that of the normal quenched sample. The rolling fatigue life of samples B-D is remarkably 
hfT^^f r"""'?.?' ^'i ""'^ "'^ conventional carbonitrided sample. Samples E and F of the present invention have 
the rolling fatigue lite almost equal to that of the conventionai carbonitrided sample 

SIS? Jk f sanvles B-D of the present inventton have the lower hydrogen content, finer austenite crystal 

?o«SSfalSJJ Hfe ^^''^ inrproved Charpy Impact value, anti-crack strength and 

Example 3 

H^^fT! ^ °' present invention is now described. On the following samples A, B and C. a series of tests 
of C o ?^2t Jt!^T.'°^^ heat-treated that was employed commonly to samples A-C was JIS-SUJ2 (1 .0 wt% 
pr(Sed2re ^ ®' " ° Mn - 1.5 wt% of Cr). Samples A-C were each processed through the following 

Sample A - comparative example: normal quenching only (without carbonltriding) 

■ '^"]?^^^''^ example: quenching directly after carbonltriding (conventional carbonltriding andquench- 
w£ S mbT-Jr 'rL^^' conducted at 845''C held foriSO minutes. The atmosphere in the cart.onitriding pmcess 
was a mixture of RX gas and ammonia gas. 

SSSTshown'^rSn « »1« P'^««f"|.'">'«""°": A bearing material was processed following the heat treatment 
^' ^^^''""'^^'"S conducted at 845»C held for 150 minutes. The atmosphere in the 
carbonltriding process was a mixture of RX gas and ammonia gas. Final quenching temperature was 800-C. 

(1) Rolling fatigue life 

5Tr R«M!^'«?rK'""°IIf "^^"^^ '^"9"® Table 10 and Rgs. 14A and 

148. Results of the rDliing fatigue life test are shown in Tkble 11. 

Table 10 



test piece 


^^2x{J22 cylindrical test piece 


number of tested pieces 


10 


counterpart steel ball 


3/4" (19.05 mm) 


contact surface pressure 


5.88 GPa 


load speed 


46240 cpm 


lubricating oil 


turbine VG68 - forced circulation lubrication 



Table 1 1 



sample 


life (load count) 


relative L,o 


Lid (X 10^ limes) 


Lio(>^ 10^ times) 


A 


8017 


18648 


1.0 


B 


24656 


33974 


3.1 
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Table 11 (continued) 



sample 


life (load count) 


relative L^q 


l-ioi^ 10* times) 


Lio(>^ 104 times) 


C 


43244 


69031 


5.4 



[0108) According to Table 11 , sample B which Is a comparative example has a rolling fatigue life (LI O life- one out 
of ten test pieces being damaged) that is 3.1 times as long as that of sample A which is also a comparative example 
and undergoes normal quenching only, and thus It Is seen that the effect of extending the life is obtained through the 
carbonitndjng process. In contrast, sample C of the present invention has a longer lite which Is 1 .74 times as long as 
that of sample B and 5.4 times as long as that of sample A. It is considered that this improvement is obtained mainly 
from the fine microstruclure. ^ 

(2) Charpy Impact test 

[0109] A Charpy impact test was conducted by using a U-notch test piece defined by JIS Z 2242 mentioned above 
Test results are shown in Table 12.. 



Table 12 



sample 


Charpy Impact value (J/cm^) 


relative impact value 


A 


6.7 


1.0 


B 


5.3 


0.8 


C 


6.7 


1.0 



toil 01 Sample B (comparalive example) having undergone caitonttrldlng has a Charpy Impact value which is not 
arger than that of sample A (comparative example) having ur>dergone normal quenching, while sample C has a Charpy 
impact value equivalent to that of sample A. »w"«Hy 

(3) Static fracture toughness test 

[0111] Fig IS shows a test piece for a static fracture toughness test. In the notch of the test piece, a pre-crack of 
approxhnately 1 rnm was made, thereafter a static load by three-point bending was added, and then a fracture load P 
was determined. Using the foHowing foimula (I), a fracture toughness value (KIc value) was calculated. Results of the 
lest are shown in Table 13. 



KIc = (PL Va/BW^) {5.8 - 9,2 (aW) + 43.6 (awf - 75.3 [aAAff + 77,6 

(aW)^} 



(I) 



Table 13 



sample 


number tested 


K|C (MPaVm) 


relative K^C 


A 


3 


16.3 


1.0 


B 


3 


16.1 


1.0 


C 


3 


18.9 


1.2 



• K, pre-crack has a depth greater than the depth of the caibonitnded layer and thus the same results are 

ootamed for samples A and B.(comparative examples), while the result tor sample C (example of the present invention) 
IS approximately 1 .2 times as high as that of <he comparative examples 
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(4) Static-pressure fracture-strength test (measurement of fracture stress) 

[0113] A static-pressure fracture-strength test piece as shown In Fig. 13 described above was used. A load was 
exerted In direction P In Fig. 13 to conduct a static-pressure fracture-strength lest. Test results are shown in Table 14. 



Table 14 



sample 


number tested 


static fracture strength (kgO 


relative static fracture strength 


A 


3 


4200 


1.00 


B 


3 


3500 


0.84 


C 


3 


4300 


1.03 



[01 14] Sample B having been carbonltrided has a strength somewhat smaller than that of sample A having undergone 
normal quenching, while sample C of the present Invention has an improved static-pressure fracture-strength compared 
with sample B and is thus equivalent to that of sample A. 

(5) Rate of secular dimensional change 

[01151 Table 15 shows the rate of secular dimensional change measured under the conditions of 130»C (holding 
temperature) and 500 hours (holding lime), together with the surface hardness and the amount of retained austenite 
(0.1mm depth). 



Table 15 



sample 


number tested 


surface hardness 
(HRC) 


retained Y(%) 


rate of dimensional 
change 
(X 10-5) 


relative rate of 
dimensional change*) 


A 


3 


62.5 


9.0 


18 


1.0 


B 


3 


63.6 


28.0 


35 


1.9 


C 


3 


60.0 


11.3 


22 


1.2 



* : smaDer is suporior 



[01 1 6] As compared with the rate of dimensional change of sample B having a large amount of retained austenite. 
sample C of the present Invention has the smaller rate of dimensional change due to the lower amount of retained 
austenite which Is one-half or less. 



(6) Life test under contaminated lubricant condition 



101 1 7] Ball bearing 6206 was used to evaluate the rolling fatigue life under a contaminated lubricant condition having 
a predetemnined amount of normal contaminants mixed therein. Test conditions are shown in Table 1 6 and test results 
are shown in Table 17. 

Table 16 



load 


Fr=6.86kN 


contact surface pressure 


Pmax = 3.2 Gpa 


rotational speed 


2000 rpm 


lubricant 


turbine 56 - oil bath lubrication 


amount of contaminant 


0.4g/1000cc 


contaminant 


grain size: 100-180Mm, hardness: Hv800 
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Table 1 7 



sample 




relative L^o 


A 


20.0 


1.0 


B 


50.2 


2.5 


C 


45.8 


2.3 



[0118] Sample B having undergone conventional carbonitriding has a lifetime which is approximately 2.5 times as 
long as that of sample A. and sample C of the present invention has a lifetime which is approximately 2.3 times as long 
as that of sample A. While sample C of the present Invention has a smaller amount of retained austenlte than that of 
sample B of the comparative example, sample C has a long lifetime substantially equivalent to that of sample B because 
of Influences of entering nitrogen and the fine microstnjcture. 

[0119] It Is accordingly seen from the above-discussed results that, sample C of the present invention namely a 
bearing component produced by the heat treatment method of the present invention can simultaneously achieve three 
goals: extension of the rolling fatigue life that has been difficult to achieve by the conventional carbonitriding Improve- 
ment in crack strength and reduction of the rate of secular dimensional change. 

I0120J Although the present invention has been described and Illustrated in detail, it is ciearly understood that the 
same Is by way of niustration and example only and is not to be taken by way of limitation, the spirit and scope of the 
present invention being limited only by the temis of the appended claims. 



Claims 

1. A full-type rolling bearing (50) formed of an outer ring (4), an inner ring (2) and rollers (3) that are made of steel 
wherein 

at least one of said outer ring, inner ring and rollers has a carbonitrided layer in its surface layer, and the 
austenlte ciystal grain size number of the surface layer is greater than 10. 

2. The full-type rolling bearing according to daim 1 . wherein 

at least one of said outer ring, Inner ring and rollers is carbonitrided at a carbonitriding temperature equal to 
or higher than the A1 transformation temperature, cooled to a temperature lower than the A1 transfonnation tem- 
perature and then heated to a quenching temperature lower than said carbonitriding temperature and thereby 
quenched. 

3. The full-type rolling bearing according to claim 2, wherein 

said quenching temperature is In a temperature range at which carbide and/or nitride and an austenlte phase 
coexist in the carbonitrided surface layer of the steel. ' 

4. The full-type rolling bearing according to claim 2. wherein 

said quenching temperature is 790'' C • 830®C. 

5. The full-type rolling bearing according to claim 2, wherein "* . . 

at least one of said outer ring. Inner ring and rollers is cold-worked before being cartjonitrided. 

6. The full-type roiling bearing according to claim 1 . wherein 

in at least one of saki outer ring, Inner ring and rollers, a compression residual stress of at least 500 rVlPa is 
generated. 

7. A roller cam follower of an engine comprising: 

an outer ring (4) being in rolling contact with a cam shaft (6) of the engine; 
a roller shaft (2) located inside said outer ring and fixed to a cam follower body (50); and 
bearing elements (3) placed between said outer ring and said roller shaft, wherein 
■ at least one of said outer ring, roller shaft and bearing elements has a carbonitrided layer, and austenlte crystal 
grains in at least a surface layer are made fine to have a grain size number greater than 10. 
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6. A roller cam follower of an engine comprising: 

an outer ring being in rolling contact wltii a cam shaft of the engine; 

a roller shaft located inside said outer ring and fixed to a cam follower body; and 

bearing elements placed between said outer ring and said roller shaft, wherein 

at least one of said outer ring, roller shaft and bearing elements has a carbonltrided layer and has a fracture 
stress of at least 2650 MPa. 

9. A roller cam follower of an engine com|3rislng: 

an ouler ring being In rolling contaci with a cam shaft of the engine; 

a roller shaft located inside said outer ring and fixed to a cam follower body; and 

bearing elements placed between said outer ring and said roller shaft, wherein 

at least one of said ouler ring, roller shaft and bearing elements has a carbonltrided layer and has a hydrogen 
content of at most 0.5 ppm. 

10. The roller cam follower of an engine according to any of claims 7-9, wherein 

said cam follower body (50) is mounted on one end (la) of a rocl<er ami (1). said rocker ami is pivotably 
attached to a rotational shaft (5) located between said one end and the other end (lb), one end of an open/dose 
valve (9) of said engine abuts on said other end, said cam follower body on said one end has a bifurcated roller 
supporting poiUbn (14), and said roller shaft Is fixed to said bifurcated roller supporting portion. 

11. The roller cam follower of an engine according to any of claims 7-9, wherein 

said cam follower body (50) is mounted between one end (1b) and the other end (1a) of a rocl<er arm (1), 
said roller shaft (2) is fixed in a roller hole extending between two sidewatis of the rocker arm, an end of an open/ 
close valve (9) of said engine abuts on said one end (lb) of said rocker ann, and a pivot (15) abuts on said other 
end (la). 

12. The roller cam follower of an engine according to any of clainrw 7-9, wherein 

a rocker arm (1) Is pivotably attached to a rotational shaft (6) located between one end (lb) and the other 
end (1a) of said rocker ami, an end of an oper^close valve (9) of said engine abuts on said one end (lb), said 
other end (la) abuts on one end of an interlocking rod (16) transmitting a stress from said cam (6), said cam 
follower body (60) is mounted on the other end of said interlocking rod, said one end and said other end of said 
interlocking rod being located respectively on said rocker arm and said cann <B), and said roller shaft Is attached 
to said cam follower body and abuts on said cam. 

13. The roller cam follower of an engine according to any of claims 7-9, wherein 

sakf bearing elements are full type needle bearings. 

14. The roller cam follower of an engine according to any of claims 7-9, wherein 

said roller shaft has its end with a hardness lower than that of Its central portion. 

15. The roller cam follower of an engine according to any of claim$.7-9, wherein 

said roller shaft has its end which Is caulked. - " 

16. The roller cam follower of an engine according to any of claims 7-9, wherein 

said cam follower is entirely press-formed. 
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FIG.4 

la 8 5 1 lb 
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FIG.5 




29 



EP 1 411 142 A1 




30 



EP1 411 142 A1 




d 



31 



EP1411 142 A1 



FIG.8A 
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FIG.9A 




33 




34 



EP1 411 142 A1 



FIG.1 1 
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FIG. 12 
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European Patent ^^^^ UNITYOF INVENTIOW ''^^'''''^ 

SHEET B • . EP 03 02 2511 

The Search Division considers that the present European patent application does not comolv wHh the 
requirements of unity of invention and relates to several inventtons or groups of invenlioiS; ^mS^^: 

I. Claims: 1-7,10-16 

• Independent claim 1 is directed to a full-type rolling 
bearing provided on at least one of its outer ring, rollers 
and innen ring with a carbonitrided layer, the particularity 
of which being that the austenite crystal grain size number 
of the surface layer is greater than 10. 

This particular feature is not required in the surrounding 
of the roller cam follower of independent claims 8 or 9. 

Rather claim 8 is directed to a roller. cam follower the 
special feature of which being a property of an element of 
Its rolling bearing, this property requiring a fracture 
stress of at least 2650MPa. This property is not required 
for the object of claim 1 npr for the object of claim 9. 

. Claim 9 is directed to a Roller cam follower with a 
carbonitrided layer, the special feature of which being a 
hydrogen content of at most O.Bppm of the carbonitrided 
layer. 



2. Claim : 8 - 

Claim 8 is directed to a roller cam follower the special 
feature of which being a property of an element of its 
rolling bearing, this property requiring a fracture stress 
. of at least 2650 MPa. This specific property is not required 
for the object of claim 1 nor for thfr object of claim 9. 

Claim 8 in turn does not exhibit any of the specific 
austenit crystal grain size number greater than 10 of claim 
1 nor of the hydrogen content of at roost O.Sppra of claim 9 



3. Claim : 9 



Claim 9 is directed to a roller cam follower with a 
carbonitrided layer, the special feature of which being a 
hydrogen content of at most O.Bppm of the carbonitrided 
layer. This specific feature is not required for the object 
of claim 1 nor for the object of claim 8. 

Claim 9 in turn does not exhibit any of the specific 
austenit crystal grain size number greater than 10 of claim 
1 nor of the fracture stress of at least 2650MPa of claim 8. 
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